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1. Introduction


Water is very precious substance in our daily lives, not only for drinking and household purposes, huge amount of water is required in industrial processes and in agriculture too. Although 3/4th of the earth crust is covered with water but major portion of it is not suitable for use due to high salinity. The available freshwater supply is also not adequate to meet the demand of increased population and water crisis is a severe problem all over the world.
In chemical and food processing industries, large volume of water is used as boiler feed, in cooling tower, as process water and also in rinsing and cleaning. Everyday huge quantity of water is wasted as industrial discharge and fall of this untreated and partially treated effluents to the water bodies are polluting the fresh water sources. Ever increasing industrialization and rapid urbanization have considerably increased the rate of water pollution. All types of industrial effluent need specific treatment in order to comply with the national permissible standards to reduce air and water pollution and to protect environment. The dissolved oxygen level of the water sources are coming down which is very harmful to aquatic lives. 
The dwindling supply of natural resources in certain parts of India and the occasional drought conditions have made this a serious constraint for industrial growth in these areas. Using treated effluent, as an option to augment the existing water supplies may become the most viable alternative in near future if proper planning is done. As this is the situation, wastewater reclamation and reuse is the order of the day. Moreover, environmental protection agencies have started to impose very stringent regulatory prohibitions of wastewater treatment for attaining the discharge quality, itself, has become quite expensive.  The researchers, therefore, have shifted their interests towards recycling/reuse of wastewaters coming out from various industries. The conventional ways to treat wastewater such as by activated sludge process, trickling filter and aerated lagoon have many disadvantages. It requires large space and cannot remove toxic chemicals properly. Reuse of effluent water in industry after proper treatment reduces the volume of wastewater to be discharged and at the same time saves the cost of procuring water. In a word, wastewater recycling systems can help both our environment and economy. With the availability of advanced technologies like membrane processes, it is possible to treat wastewater to the required degree of purity to be suitable for any end uses (Nghiem et al., 2006). 
Beside, indiscriminate use of pesticides and fertilizers in agriculture for better production of crops lead to the pollution of ground and surface water by agricultural run off. The untreated industrial effluents sometimes may end up into the surface water bodies. In most of the rural areas of the developing countries people use untreated lake and river water for their household, cooking and above all for drinking purposes. In places, where it is treated, the treatment procedure is not sufficient to remove the contaminants up to a certain limit as prescribed by the regulatory authorities for drinking water. Moreover, conventional drinking water treatment methods are not very much suitable to remove some toxic chemicals from raw water. Beside, some chemicals are added in an unplanned manner to the water during the conventional treatment, which have adverse impacts on the human health. The polluted surface water after proper treatment can be used as drinking water.

2. Objective of the Project

Keeping in mind that freshwater resources are diminishing day by day all over the world, the present investigation aims at:
o	Producing water for recycling in the industry from industrial effluents
o	Generating potable water from pesticide contaminated surface water
In that context, wastewater from dairy farm and vegetable oil processing industries had been collected and surface water samples were taken from different lakes and rivers of India and synthetically contaminated with isoproturon pesticide. The wastewater and surface water samples were analyzed and depending on the constituents of the raw polluted water, the treatment protocol had been optimized. The treated water in each case was compared to the desired quality of water.

3. Literature Review

As the need of the hour is to explore a suitable technology for recycling or reuse, at least a reasonable quantity of wastewater produced from different chemical and food processing industries, membrane separation techniques were found to be the most promising option for this purpose (Ahn et al., 1998; Mavrov and Belieres, 2000; Marcucci et al., 2001; Afonso and Borquez, 2002).
Membrane filtration is a separation operation, which includes separation of dissolved solids from solution down to the separation of miscible liquids and gaseous mixtures also. The pressure driven membrane processes such as microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO) uses permeable or semi permeable membrane to achieve a certain degree of separation of solutes from solvent depending on their pore sizes. The transport through membrane is controlled by applied pressure generated by a pump. 
In recent times, when researchers have shifted their interests in possibilities of reuse or recycling of industrial wastewaters – dairy industries are the most prospective candidates in this regards as huge amount of wastewater is generated from dairy farms which could be recycled at a reasonable cost (Hamoda and Al-Awadi, 1996). Dairy wastewater is characterized by high concentration of dissolved organic components like whey proteins, lactose, fat and minerals (Mukhopadhyay et al., 2003) and it has malodour because of the decomposition of some of the contaminants causing discomfort to the surrounding population. Balannec et al., (2002) had used different types of NF and RO membranes for the treatment of dairy wastewater to be reused as process water. Koyuncu et al. (2000) had applied NF and two pass RO membranes in dairy effluent treatment. No chemicals were used in this treatment. 
However, the proteinous materials of the dairy wastewater were found to be severe foulant for the existing membrane materials (Madaeni and Mansourpanah, 2004). The pressure driven membrane separation technology is highly controlled by fouling phenomenon, which is actually an interaction between the feed stream and membrane surface (Cheryan, 1986). To control fouling and to improve the productivity and life of membranes, pretreatment of wastewater before membrane application were suggested. Literature reviews had shown that coagulation-flocculation and adsorption are very efficient pretreatment steps before membrane processing. Coagulant and adsorbent were used before membrane separation in the treatment of primary and secondary effluent and in sewage effluent treatment also (Abdessemed and Nezzal, 2002; Kim et al., 2002; Guo et al., 2004). 
In vegetable oil processing industries, huge amount of water is required for degumming, neutralization and deodourization steps of refining of crude vegetable oil, which results in the production of large volume of wastewater. The quality of wastewater depends on the refining procedure also. The information available about the wastewater treatment in vegetable oil industries is sparse and no standard treatment methods are reported for treatment of such effluents. Literatures had shown that aerobic and anaerobic treatments were done in the treatment of olive oil mill wastewater (OMW) and palm oil mill effluent (POME) (Ubay and Ozturk, 1997; Demirer et al., 2000; Aangelidaki et al., 2002). Apart from biological treatments, the other treatment options applied on OMW as reported in the literature are, use of Fenton’s reagent for removal of COD and carbon content (Rivas et al., 2001); electro-coagulation using aluminium and iron electrodes in the reactor in order to remove COD, SS, and colour (Inan et al., 2004); membrane processes (Canepa et al., 1988; Borsani and Ferrando, 1996). Azbar and Yonar (2004) in their study of aerobic treatment of vegetable oil refining wastewater had used alum and ferric chloride for the pretreatment of the wastewater. Mohammadi and Esmaeelifar (2004) had applied ultrafiltration for treatment of vegetable oil refining wastewater. No pretreatment of the wastewater was reported before membrane filtration. Sridhar et al. (2002) reported that reverse osmosis can remove TDS, COD, BOD and colour to a significant extent from vegetable oil industry effluent and resulted in high flux rate of RO membrane. Alum was used for the pretreatment of neutralized raw wastewater but coagulant treatment parameters like dosages, pH, contact time etc. were not optimized in this study. Meyssami and Kasaeian (2005) investigated the effect of different coagulants such as alum, ferric chloride, starch and chitosan on the removal of turbidity of olive oil wastewater in a jar test apparatus where treatment parameters like pH, ionic strength and dosages were optimized. The importance of pretreatment of POME by coagulation, sedimentation and adsorption was discussed by Ahmad et al., 2003. The pretreatment process reduced 97.9 percent turbidity along with 56 percent COD and 71 percent BOD content of wastewater. Ultrafiltration followed by reverse osmosis treatment of pretreated wastewater produced such a quality of water that can be recycled back to the process.  
In the present investigation, membranes were applied in the treatment of dairy and vegetable oil industry wastewater. Thorough pretreatment studies were performed using conventional coagulants and a few newer coagulants to evaluate their suitability for the treatment of these wastewaters. The application of conventional coagulants like alum, ferric chloride and polyaluminium chloride in water and wastewater treatment had been reported in the literature. Chabot et al. (1999) in their study of ultrafiltration of wash deinking effluents containing flexographic inks had selected a commercial cationic coagulant and alum for pretreatment. Chapman et al. (2002) also had done the same type of treatment study on secondary wastewater by microfiltration using ferric chloride as a flocculant. At the time of treatment of biologically treated sewage effluent, Shon et al. (2004) had shown that flocculation with ferric chloride followed by adsorption with powdered activated charcoal (PAC) had improved the performance of ultrafiltration membrane as compared to flocculation alone. 
The effectiveness of use of Sodium carboxymethyl cellulose (Na-CMC) and Chitosan as coagulant in the treatment of some food processing industry wastewater such as in egg processing plant and in fish meal factories had been reported (Xu et al., 2001; Guerrero et al., 1998). Alginic acid had been reported as coagulant in the treatment of dairy wastewater (Taha et al., 1995). Not much literature is available on the use of these organic coagulants in the treatment of wastewater. Therefore, the effect of Na-CMC, chitosan and alginic acid along with conventional coagulants like alum, ferric chloride and PACl were evaluated on the treatment of dairy wastewater in our present study. With the observation that Na-CMC and alginic acid was not very effective in dairy wastewater treatment, these two coagulants were not applied in the treatment of vegetable oil wastewater. Activated charcoal treatment was done after coagulation, as it is known to remove the colour and odour of the surface water and improve the taste of drinking water combined with some other treatment options (Ericsson and Tragardh, 1996; Hargesheimer and Watson, 1996). To optimize the conditions for chemical pretreatment of wastewater, studies were undertaken to evaluate the effects of dosages of coagulants and adsorbents, pH, contact time, settling time etc. whichever required before membrane processing. Preliminary results of each chemical pretreatment were evaluated with respect to percent reduction of total dissolved solid (TDS) and chemical oxygen demand (COD) of treated water. Membrane separation studies were performed in both the dead end system (for laboratory scale studies) and crossflow system (for pilot scale studies) and the water quality obtained after membrane separations were compared to the process water collected from the respective industries. 
In the older days, untreated lakes, rivers and other surface water bodies were serving most of the requirement of drinking water supply. Although surface water is characterized by low turbidity, alkalinity and salt content but proper treatment is required to remove colour, odour and bad taste due to high content of NOM and different types of disease causing microorganisms. The conventional drinking water treatment methods like coagulation-flocculation, sedimentation, sand filtration and then disinfection has been proved not very effective as use of different chemicals in the treatment system for removing suspended materials and for disinfection are not very safe for human health and might result in the production of several carcinogenic and mutagenic by-products (Botes et al., 1998; Xia et al., 2004). Provision should be incorporated in the treatment system to arrest these harmful materials and by-products before distribution. Beside, surface water resources now-a-days are becoming polluted with many toxic compounds due to the fall of untreated or partially treated industrial effluents and agricultural run off to these water bodies, which are difficult to remove by conventional treatment methods (Griffini et al., 1999). Pesticides are a group of such hazardous materials found in surface water bodies as a result of agricultural wash out during rainy season. Application of different types of pesticides in agriculture lands made it also difficult to adopt a single treatment method for its removal from contaminated water sources. Among the various pesticides commonly used, Isoproturon (IPU), a phenyl urea derivative, is widely used as herbicide for the control of the weed Avena fatua on wheat and is harmful to animal and human beings (Ashraf et al., 2002). Adsorption is a well-known technique for the removal of various organic pollutants including pesticide and is very useful in removing colour and odour of surface water (Kouras et al., 1998; Ericsson and Tragardh, 1996). With the advent of pressure driven membrane systems, attention has been focused on their application in the production of potable water from surface water as it covers a broad range of materials to be separated. Among the various membrane separation techniques, nanofiltration is widely used in drinking water treatment system due to its ability to remove hardness, natural organic matter and microorganisms from feed water (Liikanen et al., 2003). Pretreatment of surface water is necessary before NF in order to overcome the fouling problem (Schlichter et al., 2004). In our present investigation, IPU was spiked in distilled water and in surface water and synthetically contaminated water was prepared at a particular concentration. Adsorption treatment was carried out using powdered activated charcoal (PAC), bentonite and chitosan and their removal efficiency of IPU from distilled water was estimated. Dosages, pH and contact time of PAC were varied in order to achieve the maximum removal of IPU. Coagulation and adsorption treatments were done on IPU contaminated surface water as pretreatment steps before nanofiltration.  The pretreated water had undergone nanofiltration in a test cell in dead end manner. The permeate water was analyzed for pH, conductivity, TDS, hardness, TOC, COD, pesticide concentration and total colony count. RO was done if necessary and the NF/RO water was compared to the quality of drinking water.

4. Experimental
4.1 Sampling of Water and Wastewater

Dairy wastewater was collected from A. P. Dairy, Hyderabad, India at an interval of 15 days. Vegetable oil industry wastewater samples were collected Ramcharan Oil Industries, Katedhan, Hyderabad. Wastewater samples were collected from both the chemical refining unit and the physical refining unit of vegetable oil industry.
Surface water samples were collected from different rivers and lakes in India e.g Ganga river, Kolkata; Mula river, Pune; Hussain Sagar lake, Hyderabad. 
All the wastewater and surface water samples collected were kept and stored in the refrigerator, if required to be used for long periods. 
De-mineralized water for synthetic preparation of pesticide contaminated water was taken from demineralization unit supplied by Millipore Inc., USA.

4.2 Membrane and Membrane Units

Ultrafiltration cellulose acetate flat sheet membranes were supplied by Millipore Inc., MA, USA. Permionics Pvt. Ltd., Vadodara, India had supplied flat sheet NF membrane of 300D molecular weight cut off (MWCO) and RO flat sheet membrane. Another flat sheet NF membrane (NF 48) of 200D MWCO was procured from Dow FilmTech, USA. Spiral wound RO membrane was procured from Osmonics, USA and was supplied by Nishotech Systems Pvt. Ltd., Mumbai. The ceramic multi-channel, tubular microfiltration and ultrafiltration membranes were purchased from Orelis, France. 
Millipore Inc., MA, USA had supplied the UF test cell unit and it can withstand maximum 6 bar pressure. The RO test cell is made of stainless steel and was supplied by Snow Tech Pvt. Ltd., Mumbai. The maximum pressure limit for this test cell was 50 bar. Both the test cells have magnetic stirrer arrangement and operate in dead end mode. The volume of bulk solution can be taken 200-250 ml. The transmembrane pressure (TMP) was generated by nitrogen gas. Bench scale and Pilot scale cross flow membrane separation units have feed tank of 50 liter and 100 liter capacity respectively and was supplied by Nishotech Systems Pvt. Ltd., Mumbai.  The units operate in recycle mode and the retentate is fed back to the feed tank. Feed is pumped from the feed tank and passed through the membrane at a predetermined flow rate. Feed flow rate through membrane may be changed by controlling the retentate side flow valve. The membranes used in those units are housed in stainless steel pressure vessel. 

4.3 Experimental Procedure

4.3.1 Treatment of Dairy Wastewater

In the preliminary studies, pretreatment of dairy wastewater was done by UF membrane followed by NF membrane and their effect on RO flux was evaluated. Depending on the results, a thorough chemical pretreatment studies were done on dairy wastewater. Chemical pretreatment of dairy wastewater was done by varying coagulant dosages from 100-1000 mg/L. Addition of coagulant was followed by stirring for 5 minutes on magnetic stirrer and settling for 120 minutes. Depending on the analytical results, the dosages were further reduced to 10-100 mg/L in case of chitosan. pH was varied at 4.0, 6.5 and 8.0 at the time of coagulant treatment. The settling time interval was varied between 30-150 minutes to get the best possible results. Variable dosages (0.5-2.0 g/L) of PAC were added to the raw wastewater sample and stirred on magnetic stirrer for 90 minutes. The pH of the wastewater was also varied at the time of PAC treatment in the same manner as mentioned in the coagulant treatment. The stirring time was varied from 30-120 minute. The optimum conditions of coagulant and PAC treatment were selected depending on TDS and COD values of the treated water. The effects of coagulant treatment followed by PAC treatment were evaluated and the sequence of operation was finalized based on the percent reduction of TDS and COD.
After coagulant and PAC treatment, the pH of the water was adjusted to 6.5. The water was passed through UF and RO membranes separately in the test cells and checked for TDS and COD reduction. For UF treatment, the pressure was maintained at 3-3.5 bar. For RO experiments as high as 35 bar TMP was created to get a reasonably good flux.
In the pilot unit, the wastewater sample after chemical pretreatment was first passed through a tubular ceramic microfiltration membrane having 0.45-micron pore size. Transmembrane pressure of 1.75 to 2 bar was maintained. The permeate of the MF membrane was then passed through a spiral wound RO membrane where the TMP was maintained at 18-20 bar. The quality of RO permeate water was compared with process water collected from the same industry.

4.3.2 Treatment of Vegetable Oil Wastewater
 
The wastewater sample collected from chemical refining unit of vegetable oil industry was found to be highly acidic. The neutralization of this highly acidic wastewater was done using 2N caustic alkali. Two different types of coagulants like inorganic e.g. alum and ferric chloride and polymeric e.g. polyaluminium chloride namely PACl-I (by local supplier) and ecorite (by DSCL, New Delhi) had been applied. After addition of the coagulant at different dosages it was stirred on a magnetic stirrer for 5 minutes and then centrifuged at varied speed and time. The pH of the wastewater was also varied. 

The parameters studied were –
a.	Coagulant dosages (50-500 mg/L)
b.	pH of the wastewater (2-10)
c.	Centrifugation speed (3,000-8,000 rpm)
d.	Contact time (10-40 minutes)

Then the top layer after centrifugation was decanted and analyzed for pH, conductivity, turbidity and absorbance at 600nm. Turbidity values indicated the extent of removal of suspended solids whereas measurement of absorbance at 600nm was for colour.
The wastewater collected from physical refining unit was light greenish in colour and pH was in the range of 5.5-7.5. The pH of the wastewater was adjusted to 6.5 (nearly neutral). Coagulants used for the pretreatment studies of physically refined oil wastewater were alum, ferric chloride, PACl and chitosan. Coagulant dosages were varied from 100 to 1000 mg/L. Addition of coagulant was followed by stirring for 5 minutes on magnetic stirrer and settling for 120 minutes. Depending on percent removal of TDS and COD values, the optimum dosages were determined for each coagulant. The dosages were again varied from 10-100 mg/L for chitosan. In a separate experiment, variable dosages of powdered activated charcoal was added to the raw neutralized wastewater sample, in the range of 0.5-2.5 g/L and stirred on a magnetic stirrer for 90 minutes and then filtered. The pH, conductivity, TDS and COD values were analyzed after PAC treatment and based on the results optimum dosage was selected. Then the wastewater samples were treated separately with optimum dosages of each coagulants followed by PAC at optimum dosage. The results obtained were compared to the result of PAC treated wastewater without coagulation. After suitable pretreatment, the treated water sample was passed through UF, NF and RO membranes separately in dead end type test cells. For UF experiments, lower pressure range (3.0 to 3.5 bar) was used. For RO experiments, 35 bar pressure was given. After suitable pretreatment, around 25 litres of treated water was passed through microfiltration membrane and the MF permeate was passed through spiral wound reverse osmosis membrane in a crossflow system and the TMP was kept at 18-20 bar. In order to evaluate the improvement of RO flux, the chemical pretreated wastewater in separate experiments were undergone a series of UF treatment prior to reverse osmosis and RO flux values were noted with transmembrane pressure. The process water sample was collected from the same vegetable oil industry and compared to the RO permeate.

4.3.3 Treatment of Isoproturon (IPU) Contaminated Surface Water

The stock IPU solution was prepared in HPLC grade isopropanol (IPA) and stored in refrigerator. The working and standard solutions were prepared from stock, whenever required. The extraction of IPU from water was done by liquid-liquid extraction technique with dichloromethane (DCM). 
100 ml of distilled water and surface water were taken in  conical flask and spiked with suitable amount of freshly prepared IPU working solution to make IPU solution in water. The synthetically prepared IPU contaminated distilled water was subjected to various adsorbent treatments. Adsorbents taken for the experiments were powdered activated charcoal (PAC), bentonite and chitosan. The dosages were varied from 20-1000 mg/L and added to the synthetically prepared 1 mg/L IPU solution. Stirring was done on magnetic stirrer for 120 minutes and then filtered. The effect of pH, contact time and initial IPU concentration were evaluated for the maximum removal of IPU at the time of PAC treatment. Coagulant treatment was done with PACl on IPU contaminated different surface water samples in the range of 20-200 mg/L followed by 5 minutes stirring and allowed to settle for 60 minutes and optimum dosage was selected based on turbidity values. After optimizing coagulant and adsorbent treatment protocols, different surface water samples spiked with IPU, were undergone coagulant treatment followed by adsorbent treatment. Nanofiltration was done on all the pretreated water samples. Nanofiltration was done in a test cell using NF 48 flat sheet membrane keeping the gas pressure 25-30 bar and permeate volume was collected with time. Cumulative permeate volume collected was analyzed for pH, turbidity, TDS, COD, TOC, hardness, conductivity and colony count. If the analyzed NF permeate water was beyond the desirable limit of potable water, RO treatment was done in the test cell at a pressure of 38-40 bar. The quality of NF/RO permeate was compared to the standards of drinking water.

5. Results and Discussions

5.1 Treatment of Dairy Wastewater


The quality of raw dairy wastewater collected from A.P. Dairy, Hyderabad, India varied batch-wise according to the production of the dairy farm. Generally, it had bad smell and was light greenish in colour. Water pH was in the neutral to slight alkaline range. The high BOD and COD values indicated that it was heavily contaminated with organic matter. 
UF and simultaneous NF treatment on filtered raw dairy wastewater reduced only 32 percent of total solid content of the wastewater. This was mainly due to the removal of colloidal particles with some protein and fat molecules having big molecular size. The presence of smell in NF permeate indicated that the odour causing elements are smaller and have passed through NF membrane. The small molecular weight molecules in milk are mainly sugar molecules like lactose, sucrose and some inorganic salts also. The TDS reduction was 90 percent from initial after RO. The RO permeate was odourless and clear in appearance. The poor rate of flow through RO membrane suggested a proper pretreatment to reduce organic content in the RO feed.
Coagulation-flocculation is one of the most important physicochemical treatment steps in industrial wastewater treatment to reduce the content of suspended and colloidal materials responsible for colour and turbidity of the wastewater and for the reduction of organic matters which contributes to the BOD and COD content of the wastewater (Rossini et al., 1999; Al-Mutairi et al., 2004).
The most commonly used inorganic coagulants in wastewater treatment; alum and ferric chloride were tried in the initial experiments of the present study. pH of the wastewater was found to decrease and conductivity was found to increase with coagulant dosages. Use of ferric chloride at higher dosages produced orange coloured water. These results prompted us to search for other coagulants. Synthetic polymeric coagulants like polyaluminium chloride (PACl) was known to have some advantages over these inorganic coagulants. Although PACl had kept the pH and conductivity of the wastewater unchanged, it had no remarkable effect on the reduction of the solid content of dairy wastewater. Natural organic materials are, on the other hand, biodegradable, mostly non-toxic in nature and less polluting to environment. Primarily, two such coagulants like Na-CMC and alginic acid were tried. However, no floc formation was found in the entire range of pH. After analysis, it was observed that although the pH of the treated water did not change much with dosages as happened with inorganic coagulants, the TDS was found to increase with dosages. Being high molecular weight compounds, Na-CMC and alginic acid instead of performing as coagulant may lead to increase the TDS with dosages. Chitosan is another high molecular weight organic compound obtained from natural source like shells of shrimp, crab and lobster and are biodegradable and non-toxic in nature and it has very high affinity to proteins (Olsen et al., 1996; Krajewska, 2005).  Due to high protein content of dairy farm effluent, it was decided to check its suitability for the pretreatment of dairy wastewater. In our present study, the conductivity and pH of the wastewater were found to be more or less constant with increase in dosages of chitosan. Chitosan appeared to be suitable coagulant in the pH range of 4.0-6.5. TDS and COD values were found to be minimum at 100 mg/L dosage of chitosan in that pH range. Since chitosan is a costly coagulant compared to other coagulants, it was decided to check the effect of lesser dosages. Dosages were again varied between 10-100 mg/L at pH 6.5 and 4. A maximum of 22 percent reduction in TDS and 20 percent decrease in COD was observed at pH 6.5 when treated with chitosan in the dosage range below 100 mg/L. At pH 4.0, this reductions were 48 percent in TDS and 57 percent in COD at 10-50 mg/L dosage of chitosan. To make the treatment protocol cost effective for industry, 10 mg/L dosage was selected at pH 4.0. Chitosan contains two polar groups –OH and –NH2 and has pKavalue nearly 6.5. In the acidic medium i.e. at pH less than 6.5 it is cationic in nature and forms –NH3+ group and attracts the negatively charged protein molecules abundantly present in dairy wastewater and reduces the solid content appreciably. 
Once the coagulant and its dosages were selected, the settling time for coagulation was optimized at 60 minutes where approximately 44 percent TDS and 40 percent COD reduction was observed when treated with 10 mg/L chitosan at pH 4. 
Powdered activated charcoal (PAC) had been used as adsorbent in various industrial wastewater treatment (Azzam et al., 2004; Adhoum and Monser, 2004; Shawwa et al., 2001; Rao and Bhole, 2002).  In our study, it was observed that treatment of raw dairy wastewater with 1.5 g/L PAC at pH 4 and stirring for 90 minutes, the reduction of TDS was 40-44 percent and COD was 60-68 percent. 
This optimized PAC treatment protocol was tried on coagulant treated wastewater. No change in conductivity was observed. Colour and odour had been removed completely. The quality of the treated water was found to be reasonably good for further processing through membranes. The chemically pretreated wastewater then passed through 10,000D flat sheet membrane followed by 1,000D membrane in a dead end test cell. Appreciable reduction in TDS and COD was not observed after ultrafiltration. That’s why it was decided to pass the chemically pretreated water directly through RO. In order to reduce fouling of RO membrane, a MF pretreatment was given before reverse osmosis in pilot plant unit to arrest the tiny charcoal particles, fat molecules having bigger sizes and the microorganisms present in the wastewater. 88 percent reduction of raw water turbidity was observed only after pH adjustment to 4.0. Coagulant treatment further removed suspended and colloidal materials and lowered turbidity value. Reduction in protein content was 55-58 percent after coagulant treatment and 85-88 percent after PAC treatment. PAC treatment after coagulant treatment significantly changed the appearance of the wastewater- it became clear and odourless. In case of COD, 72 percent removal was observed after coagulant treatment and 82 percent after PAC treatment. 71 percent oil and grease content along with 81 percent BOD reduction was observed after MF processing. Reverse osmosis treatment reduced 98 percent COD from original. BOD and COD values of the wastewater came down to 8 mg/L and 17 mg/L respectively after reverse osmosis. Drastic reduction in conductivity of wastewater (96 percent from the previous step) was observed only after reverse osmosis. The conductivity and TDS values came down to 40 microS/cm and 33 mg/L respectively in RO permeate. The analysis of process water collected from the same dairy had shown TDS, conductivity and COD values 128 mg/L, 242 microS/cm and 25 mg/L respectively. 

5.2 Treatment of Vegetable Oil Wastewater

5.2.1 Treatment of Chemically Refined Vegetable Oil Wastewater:  The vegetable oil wastewater collected from chemical refining unit was dark brown in color and highly acidic. Neutralization was done. Treatment of neutralized oil wastewater with ecorite (PACl) at a dosage of 100 mg/L followed by 5 minutes stirring on magnetic stirrer and centrifugation for 30 minutes at 8000 rpm speed had resulted in 28 percent reduction of turbidity and 21 percent reduction of absorbance at 600 nm of neutralized oil wastewater. Coagulation was not effective in lowering the conductivity values. In order to reduce the high ionic content of the wastewater, the ecorite treated neutralized water was passed through reverse osmosis membrane in a test cell in dead end mode at 35 bar pressure. The rate of flow of water through the membrane was remarkably low due to the load on the RO membrane. Analysis of RO permeate had shown that the pH, turbidity and absorbance values were acceptable. 99 percent rejection of ionic content of raw wastewater was observed after RO treatment. The conductivity value was 714 microS/cm and TDS was 440 mg/L in RO permeate. The ionic content and TDS values seemed to be higher in RO permeate which was not suitable for reuse the water in industry; instead, it may be used for growing plants or for agricultural purposes.

5.2.2 Treatment of Physically Refined Vegetable Oil Wastewater:  The filtered and neutralized wastewater sample collected from physical refining unit was treated with coagulants such as alum, ferric chloride, PACl and chitosan. With increasing dosages of coagulants like ferric chloride, alum and PACl, the pH of the medium was found to decrease. On the other hand being organic in nature, chitosan kept the pH and conductivity of the wastewater unchanged with dosages.  At different dosages, the percent reduction of TDS and COD was calculated with respect to the values of raw wastewater. At 300 mg/L dosage, alum had shown maximum 7 percent reduction in TDS and 19 percent in COD whereas for ferric chloride it was maximum 12 percent in TDS and 15 percent in COD at the same 300 mg/L dosage. For PACl, it was 500 mg/L, where 32 percent reduction was observed in TDS and 29 percent in COD. Chitosan had resulted in 10 percent decrease in TDS and 26 percent in COD at 100 mg/L dosage. Experiment was further repeated with chitosan at dosages in the range of 10 -100 mg/L. 7 percent reduction in TDS and 37 percent in COD was observed after 25 mg/L chitosan treatment. Although polyaluminium chloride had resulted in appreciable reduction in TDS and COD of the raw wastewater at 500 mg/L of dosage, but at that particular dosage the pH of the medium was observed to be 4.92 which was not favorable for further membrane processing. On the other hand, chitosan at a very low dosage 25 mg/L had achieved appreciable removal of COD. Being chlorinated compound, PACl at that higher dosage may result in the formation of chlorinated by-products in the treated water whereas chitosan is nontoxic and biodegradable in nature and thus suitable for wastewater treatment. Therefore, chitosan was selected at 25 mg/L dosage for our further studies. Colour and odour removed partially after coagulant treatment. 
In order to remove the colour and odour completely of the coagulant treated wastewater, powdered activated charcoal (PAC) was selected as an adsorbent after coagulant treatment. In order to observe the effect of changes in TDS and COD with the dosages of PAC, the raw wastewater was treated with PAC in our experiment in the dosage range of 0.5-2.5 g/L. Colour removed completely at all the dosages and odour also reduced after PAC treatment. Maximum 24 percent reduction in TDS and 61 percent in COD was observed after 2 g/L charcoal treatment and odour removed completely at that dosage. 
The optimized dosage of PAC, 2 g/L, was added directly to raw filtered physically refined vegetable oil wastewater having 2390 mg/L TDS and 2914 mg/L COD in one experiment. In the other experiment, the same dosage of PAC was added after 25 mg/L chitosan treatment. TDS and COD values of the PAC treated water in both the experiments were compared to that of raw wastewater values. 12-14 percent reduction in TDS was observed in both the above experiments whereas COD removal was slightly more in the water where it was directly treated with PAC. It may happen that chitosan itself was contributing to the increase of COD of the wastewater. For that reason, chitosan treatment step can be eliminated for obtaining good quality water samples and PAC treatment alone on filtered raw wastewater was sufficient which can remove 12-20 percent of TDS and 42-43 percent of COD. Conductivity of the wastewater remained almost same after PAC treatment. 
In order to reduce the ionic content of the wastewater and for further reduction of other water pollutants, the chemical pretreated wastewater had undergone UF, NF and RO membrane treatment separately in test cell in dead end mode. It was observed that UF and NF membranes were not very efficient in reduction of conductivity and TDS whereas RO membrane can reduce 96 percent conductivity and 99 percent TDS of the pretreated wastewater. NF membrane was better in reducing COD content than UF membrane. 
In pilot scale studies, pretreated water was passed through a microfiltration membrane as done in the treatment of dairy wastewater. Almost 38 percent turbidity was reduced after chemical pretreatment, which in turn was reduced upto 62 percent after MF processing. Almost complete removal of suspended solid had been achieved after charcoal pretreatment. Charcoal treatment decreased 42 percent COD. MF removed almost 70 percent oil and grease content and 71 percent BOD from initial. Very low reduction of TDS value even after MF indicated high content of inorganic salt. TDS and conductivity reduction were 95 – 99 percent from initial after RO treatment and the values were 36 mg/L and 130 microS/cm in RO permeate respectively. COD value came down to 22 mg/L in RO permeate. Sulphate and oil content was removed completely in RO water. 
Study was conducted on whether there was any improvement of RO flux if PAC treated wastewater was passed through a series of UF membranes before RO.  It was observed that RO flux was proportional to TMP in all the experiments and flux values did not change much whether any membrane preprocessing was done before RO or not. Therefore, UF processing was not recommended before RO. The process water collected from vegetable oil industry was analyzed and was compared to RO permeate.

5.3 Treatment of Isoproturon Contaminated Surface Water

In order to examine the IPU extraction efficiency of dichloromethane from water solution, a set of 100 g/L (ppb), 500 g/L and 1000 g/L IPU solution were prepared in distilled water and after liquid-liquid extraction followed by evaporation, the residual IPU was dissolved in mobile phase and analyzed by HPLC. Data showed complete extraction of IPU from water solution by DCM and the proportional relationship of concentration of IPU in water with calculated concentration reveals that the efficiency of liquid-liquid extraction does not depend on the concentration of IPU in water solution. 
Although very few data is available for IPU, literature had shown that PAC, bentonite, and chitosan had the capacity of removing pesticide (Kouras et al., 1995; Kouras et al., 1998; Pal and Vanjara, 2001; Yoshizuka et al., 2000) and therefore selected as adsorbents in our present study to remove isoproturon from water.  Adsorbent treatment had shown a sharp rise of percent removal of pesticide when treated with PAC at a dosage of 20-100 mg/L followed by a slow increase and maximum 98-99 percent removal was observed at dosage range of 300-1000 mg/L. In contrast to PAC, bentonite and chitosan had shown maximum 4 percent and 18 percent separation of IPU respectively. Therefore, PAC at 300 mg/L dosage was selected as adsorbent for our further studies. Studies had shown that 60 minutes contact time was sufficient for maximum removal of IPU when treated with 300 mg/L dosage. The variation of zeta potential of IPU and PAC with pH revealed that adsorption of IPU on PAC surface was not dependent on pH of the medium, which indicated physical adsorption of IPU on PAC surface. The values of adsorption capacity calculated from Langmuir and Freundlich equations were 104.21 mg/g and 69.4 mg/g respectively indicating favorable adsorption of IPU on powdered activated charcoal surface.
After optimization of PAC treatment protocol for the removal of IPU from distilled water spiked with 1 ppm of IPU, studies were undertaken to produce drinking water from 1 ppm IPU contaminated surface water. In drinking water treatment process, polyaluminium chloride (PACl) was found efficient in the removal of turbidity, Mn, Fe and organic materials when surface water was treated with PACl (Barkacs et al., 2000; Kabsch-Korbutowicz, 2005). In our study, we had tried polyaluminium chloride for the coagulation of surface water samples and in due course, we had attempted the effect of coagulation on the removal of IPU. Abrupt decrease of turbidity of all the surface water samples after coagulation was observed and 90-97 percent reduction of turbidity had been observed at 100 mg/L dosage of PACl and was considered optimum dosage for further studies.  pH and conductivity of the treated water remained unchanged with increase in dosages of PACl. 
1 ppm IPU contaminated surface water samples after 100 mg/L PACl treatment followed by 300 mg/L PAC treatment, nanofiltration (NF) was performed in a test cell in dead end mode. Coagulant treatment reduced turbidity of the raw water to a greater extent with improvement of the colour of the water samples. Microbial content also reduced after coagulation. 15-29 percent removal of TOC was observed after coagulation. PAC treatment removed colour of the surface water completely. High concentration of pesticide in raw water was reflected by high COD and TOC values. Charcoal treatment removed pesticide content upto 99.3-99.4 percent. 21-37 percent COD and 38-43 percent TOC reduction was observed after charcoal treatment from the previous step.  Nanofiltration completely removed the microbial content present after charcoal treatment and reduced COD to an appreciable extent. TOC values were below detection limit in all the NF permeates. TDS removal was 42-65 percent and conductivity 40-45 percent after nanofiltration starting from raw water. The level of pesticide content came down to 3-4 microg/L after nanofiltration when the raw water had been spiked with as much as 1 mg/L IPU. In Hussain sagar lake water the ionic content was very high as reflected by the conductivity value of raw water. After NF, the TDS and conductivity values were not comparable to the drinking water quality and reverse osmosis had been done on NF permeate. The RO permeate could be compared to the drinking water quality.

6. Conclusion

Water scarcity is projected to be one of the most severe problems in the modern era. Ever increasing industrial growth and rise in population caused severe water shortages throughout the world. To combat this crisis a proper plan has to be chalked for optimum utilization of water resources – water reuse may be a possible option. In this investigation, possibilities of reuse of dairy wastewater and vegetable oil industry wastewater were investigated. 
Dairy industry was chosen, as it requires huge volume of water. In this investigation thorough pretreatment studies were done using different types of coagulants categorized as inorganic, polymeric and organic having biological origins. The coagulant treatment was performed at various pH, using different dosages and contact time was also varied. Chitosan at very low dosage, 10 mg/L was found to be a better coagulant compared to inorganic and other organic coagulants. PAC treatment after chitosan was found to be useful in complete removal of colour and odour of the wastewater before membrane processing. Chitosan and PAC work efficiently at the same pH 4.0 and comprise the RO pretreatment step suitable for dairy wastewater. The pretreated water was passed through a crossflow reverse osmosis membrane system and the permeate water was found to have very good quality. After comparing to the process water used by the dairy farm, the RO water was found suitable to be recycled or reused. 
In this investigation, efforts had been made to evaluate the feasibility of recycling/reuse of the wastewater coming out of the vegetable oil industry by processing through membranes. For this, a thorough study was done on the pretreatment steps before membrane processing. Wastewater samples from both the chemical refining and physical refining units were collected and after neutralization the wastewater samples were subjected to coagulant treatment. It was observed that for the wastewater coming out of chemical refining units, coagulant treatment had significant importance for the improvement of the quality of the water. It was also observed that polymeric coagulants like polyaluminium chloride had much better effect and branded product called ecorite gave the best result. However, even after the membrane separations, the total solid content of the permeate was found to be slightly higher and it could not achieve the quality for reuse/recycle back into the process. This can, however, be easily reused for agriculture/gardening purpose. In the later stages of investigation, it was found that the industries were shifting towards physical refining because of the stringent regulations of pollution control boards and because of less oil loss. It was, therefore, decided to concentrate on the physical refining wastewater for further studies. Wastewater samples coming out of physical refining units were collected from local industry and were found to be much less polluting compared to the chemical refining wastewater. The dosages of the coagulants and PAC were optimized. It was found that treatment of the wastewater with PAC alone could produce better result as compared to the results of coagulation with chitosan followed by PAC treatment. This pretreated water when passed through RO membrane system, produced a very good quality of water. The water was compared with that of the actual process water used in the industry and was found to be superior is quality as far as TDS, conductivity, BOD, COD etc. are concerned, thus can be safely recycled back to the process.
On the other hand, surface water bodies have become very much susceptible to be polluted by pesticides due to their increased application in agriculture. The production of potable water from pesticide contaminated lake and river water was investigated by coagulation-adsorption-nanofiltration approach. Isoproturon (IPU) was selected as a target pesticide and spiked in distilled water and then in surface water. Coagulation was done before adsorption and 90-97 percent removal of turbidity with moderate reduction in microbial count was achieved with 100 mg/L polyaluminium chloride treatment. PAC was found suitable adsorbent compared to chitosan and bentonite for the removal of IPU. Dosage of PAC was optimized at 300 mg/L for 98-99 percent removal of IPU. The values of adsorption capacity calculated from Langmuir and Freundlich equations indicated favorable adsorption of IPU on powdered activated charcoal surface. After optimizing the coagulation and adsorption protocol, nanofiltration (NF) was performed on pretreated water in a test cell in dead end mode. Nanofiltration further reduced IPU content upto 3-4 ppb when raw water was contaminated with 1 mg/L of IPU. According to WHO and New Zealand Ministry of Health, the permissible limit of IPU in drinking water is 9 ppb and 10 ppb respectively (London et al., 2005; Hamilton et al., 2003). Nanofiltration was also efficient in reducing COD, TOC, hardness and separation of microorganisms and the treated water was compared to the drinking water of our laboratory. RO was suggested after NF if ionic content was high in NF permeate. NF/RO water was found comparable to the quality of drinking water.
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